Catecholamine (CA) secretion induced by Ca re-introduction or ouabain in the presence of Ca is markedly potentiated by Bay-K-8644 in the perfused cat adrenal. The mechanism of potentiation by this Ca agonist was investigated using perfused cat adrenal and isolated bovine chromaffin cells. The stimulatory effect of Bay-K-8644 on the response to Ca was very slight when cat adrenal was perfused with a Ca-deficient medium, in which 1 mM Mg was added or the concentration of Na was lowered. The inhibitory effect of Mg was reversed by inhibition of the Na pump with K deprivation, ouabain, or KCN. The secretion induced by ouabain during maintained depolarization at a lowered concentration (0.25 mM) of Ca, which is supposed to be due to Ca influx in exchange for Na efflux, was larger in the Bay-K-8644 treated adrenal than that in the untreated adrenal. The increase in secretion by the delayed addition of Bay-K-8644 during perfusion with a high K medium containing ouabain was larger when the concentration of Na in a high K medium was higher. When isolated chromafpn cells were stimulated with a Na-free (Tris) medium containing 0.5 mM Ca, CA secretion from and 45Ca uptake into the cells preincubated with a divalent cation-free medium were potentiated by Bay-K-8644. The stimulatory effect of Bay-K-8644 was not seen when a Ca-free treatment medium contained Mg or lacked Na, but the inhibitory effect of Mg was reversed by the addition of ouabain or KCN to the pretreatment medium. When isolated cells preloaded with 45Ca were superfused with a Ca-free medium, Ca re-introduction increased the rate of Ca efflux only under conditions in which significant increases in CA secretion and 45Ca uptake were previously observed under the static incubation system. Bay-K-8644 further increased this Ca efflux rate under these conditions. These results support the view that Ca influx linked with Na efflux is through a pathway with properties similar to those of voltagedependent Ca channels, and suggest that this Ca pathway is activated by Bay-K-8644, which is an activator of voltage-dependent Ca channels.
Chromaffin cells from the adrenal gland secrete catecholamine (CA) in response to acetylcholine (ACh), a transmitter released from the secretomotor nerve terminals. ACh activates the voltage-dependent Ca channels by inducing a depolarization of the chromaffin cell membrane, which is often accompanied by the generation of action potentials or by a large increase in the frequency of spontaneous action potentials (BIALES et al., 1976; BRANDT et al., 1976; KID0K0R0 and RITCHIE, 1980; KID0K0R0 et al., 1982; NASSAR-GENTINA et al., 1988) , and additional Ca entry also occurs through the ACh nicotinic receptor channels (KID0K0R0 and RITCHIE, 1980; BLASCHKE and UVNAS,1981; KID0K0R0 et al., 1982) . The resultant rise in the intracellular Ca is thought to trigger exocytotic secretion of CA.
On the other hand, vigorous secretion of CA induced by Ca re-introduction after prior deprivation of divalent cation (DOUGLAS and RUBIN, 1961 , 1963 , 1964 does not seem to be mediated through the activation of the voltage-dependent Ca channel from the following reasons: 1) the extent of depolarization during Ca deprivation was only slight (5-6 mV; DOUGLAS et al., 1967) , and 2) the secretory response to Ca was prevented by the addition of Mg to RUBIN, 1963, 1964) and by the removal of Na from the pretreatment solution , while the depolarization due to Ca deprivation was not prevented (DOUGLAS et al., 1967) . The inhibitory effect of Mg treatment on secretion was overcome by inhibiting the Na pump with ouabain, K deprivation, or metabolic inhibitors, and the restored responses under these conditions were dependent on the concentration of external Na (ESQUERRO et al., 1980; GARCIA et al., 1981; SORIMACHI et al., 1981; SORIMACHI and YAMAGAMI, 1983; SORIMACHI and NISHIMURA, 1984) . These results led to the proposal that secretion was induced by Ca influx linked with Na efflux (ESQUERRO et al., 1980; GARCIA et al., 1980 GARCIA et al., , 1981 SORIMACHI et al., 1981; SORIMACHI and NISHIMURA, 1984) . On the other hand, this response is abolished by organic (methoxy-verapamil and nifedipine; AGUIRRE et a!., 1979; NISHIMURA et al., 1981; MONTIEL et al., 1984; SORIMACHI and NISHIMURA, 1984) and inorganic blockers (Co, Mn, and Zn; NISHIMURA et al., 1981) of the voltage-dependent Ca channel, and thus led to the suggestion that the Ca entry pathway linked with Na efflux has pharmacological characteristics quite similar to those of the voltage-dependent Ca channel (AGUIRRE et al., 1979; SORIMACHI and NISHIMURA, 1984) . However, it has recently been found that both responses to Ca re-introduction and to ouabain in the presence of Ca and Mg were greatly raise the fundamental question as to whether or not Ca entry linked with Na efflux actually occurs through the pathway distinct from the voltage-dependent Ca channel. If the previous assumption is correct, then the other question may be raised as to why this Ca entry pathway is not activated by Bay-K-8644 despite its chemical structure quite similar to dihydropyridine Ca channel antagonist (nifedipine) .
In this study, we have attempted to answer these questions. The results suggest that Ca entry pathway linked with Na efflux is distinct from the voltage-dependent Ca channel. It is also suggested that Bay-K-8644 substantially potentiates the secretory response mediated by the Ca entry mechanism linked with Na efflux.
MATERIALS AND METHODS
Experiments with perfused cat adrenal. Both adrenal glands of cats were isolated and perfused retrogradely at room temperature (25-28°C) using a polyethylene cannula inserted into the adrenal vein (DOUGLAS and RUBIN, 1961) . The flow rate was adjusted (1 ml/min) by means of a peristaltic pump. The standard perfusion medium contained (mM): NaCI, 150; KC1, 5; Tris, 5; and glucose 5.5 (pH was adjusted to 7.2 by adding HCl). Na-free and Na-deficient medium was the same as the standard medium except that Na was totally or partially replaced by an osmotically equivalent amount of Tris, choline, N-methyl-D-glucamine, or sucrose. Ca or Mg was added to the standard medium when required. When a high KCl medium was employed, osmolarity of the medium was adjusted by reducing the concentration of Na, and Ca and Mg were added to this medium at a concentration of 0.25 and 2.75 mM, respectively. Effluents were collected in test tubes containing acetic acid (10 g il) so that the pH of the sample was about 4.
Catecholamine was measured by the conventional trihydroxyindole method without the intermediate alumina absorption procedure, since inclusion of this step did not alter the results. In most cases, reaction was performed at pH 6.5, and total CA was measured by reading fluorescence intensity at 400 nm/495 nm (excitation/ emission), a condition under which equimolar concentrations of adrenaline and noradrenaline produced the same intensity. In some experiments, adrenaline and noradrenaline were differentially measured on the basis of the differential oxidation of the two amines at pH 6.5 and pH 3.5 (ANTON and SAYRE, 1962) .
Experiments with bovine chromaffin cells. Chromafl'in cells were aseptically isolated from bovine adrenals (FENWICK et al., 1978; LIVETT et al., 1979) using 0.025% collagenase (Boehringer) and 0.0015 % DNase (Sigma, type 1). The isolated cells were purified by the differential plating method (KUMAKURA et al., 1979) and thereafter, maintained in a Dulbecco's modified Eagle medium (Nissui) containing l0% fetal calf serum using the plastic dishes (Corning) in an atmosphere of 95% air and 500 C02. These cells were cultured in a suspension for 1-6 days before use.
CA release and 45Ca uptake studies: After briefly washing the chromafhin cells twice with a Ca-free (EGTA 0.02 mM) standard solution containing bovine serum albumin (BSA,1 mg/ml), the cells were preincubated for a given period with K. YANO and M. SORIMACHI the various experimental solutions. These cells were centrifuged and resuspended with a Ca-deficient (no added Ca) solution. To stimulate these cells, each 30p1 suspension was added to plastic tubes containing 0.97 ml of prewarmed (28°C) Nafree (replaced by Tris or sucrose) solution containing 0.5 mM Ca (5-10 pCi 45Ca was included). After 10-min incubation, the reaction was stopped by adding 2 ml of an ice-cold standard solution containing BSA (1 mg/ml) and Mg (1 mM). Cells were separated by centrifugation at 72 g for 2 min. The supernatant was saved and the pellet was washed with 10 ml of the same stopping solution twice, following which extraction with 2 ml of O.5° Na dodecyl sulfate (SDS) was carried out. CA in the supernatant, washing solution, and pellet was measured, and CA release was calculated as the percentage of the amount found in the supernatant relative to the total amount found in the supernatant, washing medium, and pellet. The stimulated release (% of total content) was calculated by subtracting the resting release in the presence of 150 mM NaCI and 0.5 mM Ca. Total contents of CA in the stimulated samples were not significantly different from those in the unstimulated ones, suggesting that the rate of CA synthesis was not significantly increased during the short stimulation period. SDS extract (0.5 ml) of the cell pellet was mixed with 4.5 ml of toluene-Triton X-100 (2: 1) scintillator, and the radioactivity was measured using a liquid scintillation counter. 45Ca uptake was calculated as pmol/pg of total CA content because of a small difference in the cell number involved in test tube. 45Ca efflux and CA secretion studies: Approximately 1 .5 x 10' cells were loaded with 45Ca by incubation for 30 min with a high KCI (80 mM) medium containing 0.5 mM 45Ca (100pCi/ml). After washing several times with the standard solution, the cells were trapped onto a glass fiber filter (Whatman GF/C, 24 mm) which was positioned in a Swinnex filter holder. The cells were superfused with the standard solution for 30 min at a flow rate of 1 ml/min before starting the experiment. Superfusates were collected every 2 min by a fraction collector. An aliquot (0.5 ml) of each sample was mixed with Triton-based scintillator (4.5 ml) for counting 45Ca, and the other aliquots were saved for CA assay. After terminating the experiment, filter was extracted with 5 ml of 100 Triton X-100. A 0.1 ml aliquot was saved for CA assay after 30-min extraction, and the rest was left overnight. By back-addition of the samples, CA and the radioactivity in the cells could be determined for each experimental point. The rate constants for CA release and 45Ca efflux were calculated using a personal computer as follows: (CA or radioactivity in a given sample)/(CA or radioactivity in the cells before collecting a given sample) .
RESULTS
Experiments with perfused cat adrenals Effect of Bay-K-8644 on the response to Ca re-introduction during perfusion with a medium containing or lacking Mg. In accordance with the previous results
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ON ADRENOMEDULLARY SECRETION 287 (MONTIEL et al., 1984; SORIMACHI et al., 1985a) , the response to Ca (0.5 mM) reintroduction during perfusion with a Ca, Mg-deficient medium was markedly potentiated by 20-min treatment with Bay-K-8644 (1,2M); the amounts of CA released in the presence of this agent were 13.7 + 2.7 pg during the 10-min collection period with 5-min stimulation (N-9), as opposed to 2.4±0.4µg before treatment with this agent. As often demonstrated RUBIN, 1963, 1964; ESQUERRO et al., 1980; MONTIEL et al., 1984) , the addition of Mg to a Ca-deficient perfusion medium prevented the response to Ca re-introduction ( Fig. 1) . Under this condition, the potentiating effect of Bay-K-8644 on the response to Ca reintroduction was very slight (Fig. 1) ; the response to Ca (1 mM) re-introduction in the presence of Bay-K-8644 (0.5 µM) was 0.85+0.20 pg during the 10-min collection period with 5-min stimulation (N= 3), while the control response without this agent was 0.15±0.03pg. The subsequent removal of Mg from the perfusion medium enlarged the response to Ca re-introduction (7.2 + 1.3 pg during the 10-min period with 5-min stimulation, N= 3). MONTIEL et al. (1984) obtained essentially similar results and suggested that the screening effect of Mg on negative surface charges of the plasma membranes rendered Ca channels insensitive to Bay-K-8644.
To test this possibility, we investigated the inhibitory effects of various treatment periods with a Ca-deficient, Mg-containing medium on the response to Ca re-introduction and also its recovery after Mg removal, since the level of surface potential was expected to change rapidly under these conditions. Although Ca (0.5 mM) re-introduction caused a substantial increase in secretion (3.9 + 0.6 ug during the 5-min stimulation period, N= 5) during perfusion with a medium containing 0.1-0.2 mM Mg, treatment with a medium containing the concentration of Mg higher than 0.5 mM prevented the response (N= 3). When 1 mM Mg was present for various periods (5-15 min) before stimulation, the response to Ca tended to become smaller as this period was prolonged; the response after 5-, 10-or 15-min treatment was 40 + 6 (N = 5), 32±21 (N = 3), or 11 ±8° (N = 4), respectively, of the preceding control one in the absence of Mg (Fig. 2, left) . Even when the response to Ca was amplified in the presence of 1 µM Bay-K-8644, a longer treatment period with Mg was similarly required to inhibit the response completely; the responses after 5, 10 or 15 min were 35±8 (N= 4), 31 + 14 (N = 4), or 16± 5 % (N = 4), respectively, of the preceding control. This action of Mg cannot be accounted for by a Mg-Ca antagonism, since Mg was withdrawn at the time of Ca re-introduction in these experiments. Indeed, raising the concentration of Ca did not overcome the inhibitory action of Mg, so that the response to 2 mM Ca was markedly reduced after 15-min treatment with Mg. In sharp contrast, the inhibitory effect of Mg disappeared rapidly, and the response to Ca re-introduction was fully restored 1- . Left: inhibitory effect of Mg addition to a Ca-deficient perfusion medium on catecholamine secretion induced by Ca re-introduction. The first, the third, and the fourth responses were obtained after 15-, 5-, and 15-min exposure, respectively, to a medium containing 1 mM Mg before 0.5 mM Ca re-introduction (black squares under the figures). Dotted squares above the figure represent the perfusion periods with a medium containing 1 mM Mg. The similar inhibitory effect of Mg was also obtained when Bay-K-8644 was present throughout the perfusion period (see text). Right: effect of Mg removal on catecholamine secretion induced by 2 mM Ca. The second, the third, and the fourth response to Ca were obtained 1, 2, and 15 min, respectively, after the removal of Mg from the perfusion medium. The magnitude of the response to Ca 1 or 2 min after the removal of Mg is comparable to that 15 min after this treatment if one takes into consideration that the successive response to Ca re-introduction wanes gradually.
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2 min after the removal of Mg both in the presence and absence of 1,iM Bay-K-8644 ( Fig. 2 , right; N= 5 in each experiment). These results make it less likely that Mg treatment inhibits the response to Ca re-introduction via the effect on surface potential. Previous results have indicated that the inhibition of Na pump overcame the inhibitory effect of Mg treatment, so that Ca re-introduction caused substantial secretion. This restored response was believed to be due to activation of Ca influx mechanism linked with Na efflux because of the increase in the concentration of internal Na (ESQUERRO et al., 1980; GARCIA et a!.,1981; SORIMACHI and YAMAGAMI, 1983; SORIMACHI and NISHIMURA, 1984) . To see whether or not Bay-K-8644 potentiates the secretion due to this Ca influx mechanism, we investigated the effect of this agent on the response to Ca re-introduction under conditions in which Na pumping activity was inhibited by K deprivation, ouabain, or a metabolic inhibitor (KCN). As shown in Fig. 3 , the removal of K from a Mg-containing perfusion medium enabled Ca (0.5 mM) re-introduction to increase secretion, and this response was markedly potentiated by Bay-K-8644 (1RM); the fourth responses obtained 20 min after treatment with Bay-K-8644 were 321 ±46% (N=4) of the preceding third responses, while those in the absence of this agent were 109±8%. The response to Ca re-introduction, which became substantial in the presence of 0.1 mM ouabain or 0.2 mM KCN, was similarly potentiated in the presence of 1 JIM Bay-K-8644 (365 ± 72 or 276 + 26%, respectively, of the preceding control, N= 3 in each case). Effect of Bay-K 8644 on the response to Ca re-introduction during perfusion with a Na-deficient medium. We have previously demonstrated that the response to Ca re-introduction was markedly reduced during perfusion with a Na-deficient medium lacking divalent cations . We believed that this was due to reduced Ca influx because of a marked reduction in the concentration of internal Na. On the other hand, it was demonstrated that membrane depolarization due to Ca deprivation was further facilitated by simultaneous Na deprivation (DOUGLAS et al., 1967) . Since Bay-K-8644 is known to activate voltage-dependent Ca channels of adrenal chromaffin cells Hosxi and SMITH, 1987) , the response to Ca re-introduction could be potentiated by this agent under these conditions. As shown in Fig. 4 , however, Ca re-introduction in the presence of Bay-K-8644 caused only a small increase in secretion when the concentation of Na was reduced; the amount of CA released during the 10-min period (with a 5-min stimulation) was 1.1 + 0.4, 1.3 + 0.7, or 1.8±0.6 ,ug (N= 3 in each case) at 0, 20, or 50 mM Na, respectively, while the last introduction of Ca in the presence of 150 mM Na released 16.7 + 4.1 ug (N= 3). Essentially similar results were obtained when Na was totally replaced by other Na substitutes; the amount of CA released during 5-min stimulation with 1 mM Ca (N-methyl-D-glucamine substitution) or with 0.2 mM Ca (choline substitution; the concentration of Ca was lowered to minimize the secretory response to an isotonic choline medium, which is resistant to nicotinic and muscarinic blockers; SOR1MACHI and NISHIMURA, 1982) was 0.9 ± 0.1 g (N=4; the last response at 150 mM Na was 8.0 + 1.4 pg) or 0.6 ± 0.2 pg (N= 3; the last response at 150 mM Na was 5. 7+ 1.3 fig) . If one accepts the activating effect of Bay-K-8644 on the voltage-dependent Ca channels, one has to assume that Ca re-introduction rapidly restored membrane potential to the resting level before the removal of Na and Ca. If this assumption is correct, then membrane depolarization due to Ca deprivation may not be responsible for the potentiated response to Ca reintroduction in the presence of Bay-K-8644. The very weak stimulatory effect of Bay-K-8644 under Na-deprived conditions seems to favor the notion that Ca influx linked with Na efflux is smehow activated by this agent. Effect of Bay-K-8644 on the secretion induced by ouabain during maintained depolarization in the presence of 0.25 m M Ca. ARTALEJO and GARCIA (1986) did not observe the potentiating effect of Bay-K-8644 on the secretion induced by ouabain in the high K (59 mM)-depolarized adrenal. Since the secretion by ouabain under this condition could be due to Ca influx in exchange for Na efflux, they considered that this exchange mechanism is not affected by Bay-K-8644. However, to interpret this result, it should be taken into consideration that the delayed addition of Bay-K-8644 during high K depolarization did not increase secretion at all unless the concentration of extracellular Ca was largely lowered (SALA et al., 1986) . It is therefore possible that the effect of Bay-K-8644 is obscured by the inactivation process of intracellular free Ca. We therefore re-investigated the effect of Bay-K-8644 under the same condition described above with the exception that the concentration of extracellular Ca was lowered to 0.25 mM.
Raising the concentration of KC1 to 100 mM during perfusion with a low Ca (0.25 mM), high K (60 mM) medium caused only a very small increase in secretion in the presence and absence of Bay-K-8644, confirming that the voltage-dependent Ca channels are maximally activated by 60 mM KC1 (Fig. 5) . Under this condition, the addition of ouabain increased secretion, and the magnitude of increase in the presence of Bay-K-8644 was larger than that in the absence of agent, which was obtained in the contralateral adrenal (Fig. 5, left) ; when the amount of CA released during the first 5-min stimulation period with 60 mM KC1 in the absence of Bay-K-8644 was referred to as l00° in each adrenal, the amounts of CA released during 30-min perfusion with ouabain were 302±6100 (N =4; absolute amounts were 20.2 + 2.5 pg. These values were obtained after subtracting six-fold the amount released during 5-min period before adding ouabain) in the presence of Bay-K-8644, while those in the absence of Bay-K-8644 were 143 + 29°c (13.6 + 2.2 pg). It is of interest to note that adrenaline was predominantly released by ouabain during 100 mM KC1 depolarization; percentages of adrenaline with or without Bay-K-8644 were 70.5 + 5.1 (N= 4) or 66.0 + 4.3 (N= 4) of total CA, respectively, while those released by KC1(60 mM) depolarization with or without Bay-K-8644 were 40.3 + 1.5 and 39.3 ± 2.6, respectively (N= 4 in each).
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Raising the concentration of Na from 55 to 95 mM by lowering the concentration of KCl from 100 to 60 mM further increased the rate of secretion, suggesting that the secretion by ouabain under this condition is due to the reversed Na/Ca exchange mechanism. In fact, the secretory effect of ouabain was markedly attenuated by lowering the concentration of Na (20 mM) in a high K (60 mM) medium (Fig. 6, left) . The addition of Bay-K-8644 during perfusion with a low Na (20 mM), high K medium abruptly increased CA secretion (13.2 + 3.2µg during the 15-min period. N=4. These values were obtained after subtracting three-fold the amount released during the 5-min period before addition of this agent. Percentages of adrenaline released were 50.8 + 5.1 of total CA). This increase could be largely due to activation of the voltage-dependent Ca channels. In comparison, the increase in secretion by Bay-K-8644 during perfusion with a high K, high Na (95 mM) medium containing ouabain was found to be 30.4 ± 6.3 µg during the 15-min period ( Fig. 6, right; 75.8 ±4.0°c of total CA were adrenaline; N=4). The difference in the amounts of CA released under the two conditions could be explained if one considers that Bay-K-8644 activates the reversed Na/Ca exchange mechanism as well as the voltage-dependent Ca channels. Experiments with cultured chromaffin cells CA secretion and 45Ca uptake by Ca re-introduction with the simultaneous removal of external Na. When stimulated by the addition of a medium containing 2 mM Ca under static incubation, the isolated bovine chromaffin cells released a very small amount of CA, even after treatment for 30 min with a divalent cation-free medium (also see Fig. 7 ). We therefore used a Na-free (Tris) medium containing 0.5 mM Ca (5-10 RCi 45Ca was included) to stimulate these cells (Table 1) . Pretreatment of the cells for 15 min with Bay-K-8644 before stimulation potentiated this response approximately 2-fold (Table 1) . Nifedipine treatment not only reduced this response, but it also inhibited the potentiating effect of Bay-K-8644. Ca uptake by these cells seemed to correlate well with CA secretion (Table 1) .
In confirmation of the previous findings , the preincubation of isolated cells with a Na-deficient medium for 30 min reduced CA secretion and 45Ca uptake in response to Ca re-introduction plus Na removal (Table  1 ). The potentiating effect of Bay-K-8644 on both parameters was dependent on the concentration of Na (Table 1 ). The inhibitory effect of Mg was also exhibited in the isolated cells, so that both CA secretion and 45Ca uptake in response to Ca with Na The isolated chromaffin cells were preincubated for 15 min with a Ca-free (0.02 mM EGTA), Mg-deficient medium containing various concentrations of Na, followed by further 15-min incubation with the same media containing Bay-K-8644 (K-8644, 1 µM) or nifedipine or both. The treated cells were challenged with a Na-free medium (Tris-substitution in Expts. A and B; sucrose-substitution in Expt. C) containing 0.5 mM Ca (5-10 pCi 45Ca), followed by washing as described in the MATERIALS AND METHODS. Total CA content involved in supernatant, washing media and pellet (ranged 15-20 µg), instead of cell number, was used to express the amount of Ca uptake (pmol/µg of total CA). removal were markedly reduced by prior treatment with a medium containing 1 mM Mg; CA secretion and 45Ca uptake in the presence of 1 mM Mg were 1.1 +0.3% of total CA and 12.4 ± 1.4 pmol/µg of CA, respectively, while those in the absence of Mg were 4.9+ 1.4 and 57.8+ 11.7 (N=5 in each case), respectively. Bay-K-8644 did not significantly increase either parameter in the cells treated with Mg (1.8 + 0.4 Table 1 . Effect of Bay-K-8644 and nifedipine on catecholamine secretion and 45Ca uptake in response to Ca re -introduction with simultaneous Na removal (Tris-or sucrose-substitution) in the isolated chromaffin cells. and 10.0± 1.8 pmol/µg of CA in the presence of Mg). Ouabain (0.1 mM) treatment reversed the inhibitory effect of Mg treatment; CA secretion and 45Ca uptake were 6.8 + 0.6% and 85.6 + 7.6 pmol/µg of CA, respectively (N= 5). These values were increased to 15.0±2.8 and 146.2± 14.9 after treatment for 15 min with Bay-K-8644 (1pM; N=5).
Effect of Bay-K-8644 on the rate of Ca efflux in response to Ca reintroduction. Available evidence suggests the presence of both Na-Ca and Ca-Ca exchange systems in bovine chromatin cells (RINK, 1977; AGUIRRE et al., 1977; NISHIMURA and SORIMACHI, 1984) . Since we have previously observed that the Ca efflux rate in response to Ca re-introduction was markedly increased when the level of internal Na was raised by experimental manipulation, we investigated, using a superfusion system (see MATERIALS AND METHODS), the effect of Bay-K-8644 on the rate of Ca efflux. This system offers another advantage over the static incubation system in that the small secretory response to Ca re-introduction alone can be easily detected. Bay-K-8644 increased the maximal rates of CA secretion and Ca efux in response to Ca (0.5 mM) re-introduction under divalent cation-deprived conditions, while nifedipine inhibited this effect (Fig. 7) ; the increased Ca efflux rate above that before stimulation in the presence of Bay-K-8644 (1pM) and the presence of both Bay-K-8644 and nifedipine (2 µM) were 1.09 + 0.14 and 0.15±0.010 /min (N=3), respectively, while that before treatment with Bay-K-8644 was 0.56±0.07. It should be noted that Bay-K-8644 neither changed the resting rate of efflux nor affected the time course of the stimulated Ca efflux rate. The maximal rate of Ca efflux in response to 0.1 mM Ca plus Na removal was markedly reduced when Na was removed from the superfusion medium. Bay-K-8644 increased the maximal rate of Ca efflux only when superfusion medium contained Na; the increase in the presence and in the absence of Na were 0.56 ± 0.11 and 0.06 ± 0.01%/mm n (N= 3), respectively. Experiments similar to those shown in Fig. 7 were carried out with the exception that the superfusion medium contained Mg (1 mM), and the effect of Bay-K-8644 on CA secretion and Ca efflux in the presence of ouabain or KCN was investigated. As shown in Table 2 (A), the presence of Mg prevented the increases in CA secretion and Ca efflux in response to Ca re-introduction, and Bay-K-8644 did not show any stimulatory effect under this condition. The inhibitory effect of Mg on both parameters was overcome by treatment with ouabain or KCN, and Bay-K-8644 treatment further increased both parameters (Table 2 , B and C).
DISCUSSION
The responses to Ca re-introduction or to ouabain addition in the presence of Ca is believed to be largely mediated by Ca influx linked with Na efflux (EsQUERRo et al., 1980; GARCIA et a1., 1981; SORIMACHI et al., 1981; SORIMACHI and YAMAGAMI, 1983; SoRIMACHI and NISHIMURA, 1984) . This view is based mainly on the observations that membrane depolarization (5-6 mV) due to Ca deprivation (DOUGLAS et al., 1967) or possibly by ouabain addition was too small to result in a substantial activation of voltage-dependent Ca channels, and that there was a good correlation between CA secretion and the increased level of internal Na, Ca uptake and Na efflux under various experimental conditions. The presence of this Ca influx mechanism was further confirmed in this study. In particular, it was shown that the stimulatory effect of ouabain on secretion persisted under the condition in which voltage-dependent Ca channels are already fully activated by high K depolarization, unless the Na concentration was markedly lowered (Figs. 5 and 6). The concentration of intracellular free Ca in bovine chromaffin cells was recently measured in our laboratory using fura-2 microspectrofluorometry, and it was shown to increase markedly in response to Ca re-introduction after ouabain treatment (Sorimachi, M. and Yada, T., unpublished observation) . It is therefore of importance to decide whether or not this Ca influx pathway distinct from the voltagedependent Ca channels is also subject to modification by Bay-K-8644.
Available evidence indicates that Bay-K-8644 potentiates CA secretory response induced by high K depolarization in the adrenal chromaffin cells by prolonging the open state of voltage-dependent Ca channels (HosHI and SMITH, 1987) . Garcia and his colleagues have suggested that Bay-K-8644 required the pre-activated state of Ca channels to gain access to its site of action (MONTIEL et al., 1984; ARTALEJO and GARCIA, 1986) . Consistent with this view, our previous findings indicated that Bay-K-8644 showed a marked stimulatory effect on CA secretion from cat adrenal under conditions in which the transmembrane potential gradient was diminished by increasing the surface potential (negativity) with a lowered concentration of Ca or by substituting Sr for Ca (SoRIMACHI et al., 1985b (SoRIMACHI et al., , 1986 . Thus, the stimulatory effect of Bay-K-8644 on the response to Ca reintroduction was previously believed to be mediated either by membrane depolarization or by the increase in the surface potential, both of which occurred during divalent cation deprivation (MONTIEL et a!.,1984) . However, this mechanism of action of Bay-K-8644 does not adequately explain the following findings. 1) Inhibition of this response by Mg is not instantaneous but requires a certain period of treatment (Fig. 2) , suggesting that Mg exerts its effect on the mechanism which is slowly operating in addition to its rapid effect on surface potential (see below). Furthermore, the extent of depolarization due to Ca deprivation was reported to be K. YANO and M. SORIMACHI unaffected by the presence of Mg (DOUGLAS et al., 1967) , while the effect of Bay-K-8644 on secretion disappeared in the presence of Mg. Therefore, the potentiation of the secretory response by Bay-K-8644 does not correlate with the extent of depolarization. 2) Bay-K-8644 showed only a small stimulatory effect on the response to Ca re-introduction when Na in the pretreatment medium was replaced by Tris, sucrose ( Fig. 4; Table 1 ), choline, or N-methyl-D-glucamine, while membrane depolarization by Ca deprivation was not inhibited but rather facilitated by simultaneous Na deprivation (DOUGLAS et a!.,1967) , and also the level of surface potential due to divalent cation deprivation should not be changed by a monovalent Na substitute. It is paradoxical that the effect of Bay-K-8644 becomes very small under Na, Ca-deprived conditions, although the extent of membrane depolarization (11-13 mV) should be comparable to that produced by 15-20 mNi KCl (DOUGLAS et al., 1967) , the concentration above the threshold required for supporting the effect of Bay-K-8644 on Ca channels . These results led us to assume that Ca re-introduction during Na, Ca-deprived conditions ' quickly restores both membrane and surface potential back to the values observed before Ca removal, resulting in an inactivation of most of the voltage-dependent Ca channels. A small number of still active Ca channels may be responsible for the small responses to Ca re-introduction in the presence of Bay-K-8644 when Mg is present (Fig. 1) or Na is deprived (Fig. 4) . If we accept this assumption, then, the potentiation by Bay-K-8644 of the response to Ca re-introduction after divalent cation deprivation could be largely due to the mechanism(s) other than that mediated by changes in membrane and surface potential. In light of the view described above, it seems natural to consider that Bay-K-8644 activates Ca influx mechanism linked with Na efflux, in addition to its action on voltage-dependent Ca channels. The former mechanism of action of Bay-K-8644 may explain the necessity of external Na, since the accumulation of internal Na under the normal Na pumping activity may require a high concentration of external Na, even if Na permeability is increased in the absence of divalent cation. Also, the time-dependent inhibition by Mg addition (Fig. 2) could be explained if one assumes that lowering internal Na below the critical level by Na pumping activity may require a certain period of time even when Mg addition stabilizes the membranes. On the other hand, we assume that rapid restoration of the response to Ca after Mg removal is due to an instantaneous increase in Na permeability of the plasma membrane. The above-described view is also consistent with the findings that Bay-K-8644 exerted its stimulatory effect substantially after experimental manipulations leading to a rise in internal Na (that is, treatment with K deprivation, ouabain, or KCN). However, it should be also kept in mind that a certain portion of this potentiation by Bay-K-8644 could take place at the site of voltage-dependent Ca channels (ARTALEJO and GARCIA, 1986) . On the basis of the following two observations, Garcia and his colleagues considered that Bay-K-8644 did not activate Ca influx linked with Na efflux. One is that Bay-K-8644 did not increase the rate of CA secretion induced by prolonged perfusion with a K-free medium containing Ca and Mg. Although they assumed this treatment raised the level of internal Na by inhibiting the Na pump, this may not be correct, since the Na pump inhibition could have resulted in membrane depolarization as well. Continuous K leakage out of the cells may have prevented the Na pump from becoming completely inhibited, and furthermore, the presence of divalent cations in a K-free medium could have reduced the rate of Na accumulation due to their membrane stabilizing effect. Indeed, the successive response to Ca re-introduction increased progressively when Ca is absent in a K-free medium (GARCIA et al., 1981) , and in this study, this response was potentiated by Bay-K-8644 (Fig. 3) . The other observation is that Bay-K-8644 did not modify the secretion pattern induced by ouabain, which was added during prolonged perfusion with a high KC1(59 mM) medium. The lack of the stimulatory effect of Bay-K-8644 under this condition, however, could be explained by a larger extent of inactivation of intracellular secretory mechanism due to a high level of intracellular free Ca (SALA et al., 1986) . In fact, we found significant potentiation by Bay-K-8644 of the response to ouabain when the concentration of external Ca was largely lowered to 0.25 mM (Fig. 5) . Furthermore, the magnitude of the increase in secretion by Bay-K-8644 during perfusion with a high K medium containing ouabain was larger at a high Na (95 mM) than that at a low Na (20 mM; Fig. 6 ), suggesting that this agent activates Ca influx mechanism linked with Na efflux, in addition to the voltagedependent Ca channels. Thus, previous two observations cannot be taken as evidence against the notion that the Ca influx mechanism linked with Na efflux is activated by Bay-K-8644. The greater specificities of nifedipine and Bay-K-8644 observed in inhibiting and potentiating, respectively, CA secretion and 45Ca uptake in response to Ca re-introduction plus Na removal (Table 1 ) support the previous view that the distinct Ca influx mechanism coupled with Na efflux possesses pharmacological properties similar to those of voltage-dependent Ca channels (AGUIRRE et al., 1979; SORIMACHI and NISHIMURA, 1984) , although the exact mechanisms by which these agents modulate this Ca entry pathway remain to be determined. 
